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1 INTRODUCTION

Part |
User Guide

1 Intr oduction

Quite a long time ago, two tracking methodshave beendevelopedto performindependentrack recon-
structionin the SVT. The so-calledgrouperor SGR*? is usinga global mappingtechniqueto groupSVT
hits into segmentsof threehits. Sincethe methodassumeshattrackscomethe main vertex, the grouper
is quite efficient in finding primary tracks. The secondmethodSTK? is reconstructingSVT tracksusing
afollow your nosetechnique.STK is generallyusedafter a first passusingSGRandin a modedevoted
to thereconstructiorof secondaryarticles. Oncethe threehit sgmentsareformedin the SVT, another
methodSVM3

is usedto try to associatehemindividually to thetracksreconstructedéh the TPC.

The Silicon Strip Detector(SSD) is an additionallayer which will be install in betweenthe outermost
layer of the SVT andtheinnerradiusof the TPC. Two main advantagesvere foreseerwhen proposing
the SSDto enhancehe STAR tracking capabilities: to add an extra hit to eachtrack passingthrough
the SVT andrecover the trackslost due to geometricalinneficieny, to extend the shortlived particle
acceptancby reconstructinghetrackof daughteiparticlesproducedat aradiusbiggerthantheinnermost
SVT layer. Several attemptshave beenmadein orderto extendthe SVT trackingmethodsto includethe

SSD. Performancesbtainedwith STK adaptedo a four layer geometrywere quite poor especiallyfor

secondaryracksfor which theimpactof the SSDis supposedo bethe moreimportant.

In orderto fully benefitfrom the SSDa new trackingmethodcalledEST hasbeendeveloped. The main

ideaof the methodis to startfrom thereconstructed PCtracksandto iteratively try to associatdnits from

theSSDandthe SVT layers. The methodallows to find a priori with the sameefficiengy primaryandsec-
ondarytrackssinceno mainvertex constrainis imposed Moreover, no lower limit beingsetonthenumber
of hits forming the segmentsin the vertex detectoy the methoddoesnot precludethe reconstructiorof

daughtettrackscomingfrom short-lived particledecayingfar from the mainvertex. In orderto maximize
theefficiengy of themethod theeasiestracksto find aresearchedirst : thetrackswith thehighermomen-
tum andthetracksleaving 4 hits in the vertex detector(by requiringfour hits to be associatedluring the
first steps).

This methodhasbeenimplementedand usedto demonstratehe impactof the SSDon the STAR capa-
bilities*. Whereaghe obtainedperformancesvere quite good, simple modificationsof the methodwere
foreseenn orderto improve theseresults. The original versionof the codewaswrittenin FORTRAN and
in a form which did not allow a strait forward implementationof thesenew ideas. Consequentha new
versionof EST hasbeenwritten in C++ which includesthe improvementof the method. This document
is referringto this versionof the method. Following this introduction,the first main part of this manual
containsa presentatiorof the methodandthe codeorganizationfollowed by someresultsillustrating the

1Seefor details: STAR Note#0153or http://wwwstarbnl.go//STAR/html/svt I/soft_I/svt_software/sgr/SvtSgntml
25eefor details: STAR Note#01450r http://wwwstarbnl.go//STAR/html/svt I/soft_I/svt_software/stk/SvtStk.html
3Seefor details: http://wwwstarbnl.ga//STAR/html/svt I/soft I/svt_software/svm/SvtSvm.html

4Seefor details: STAR Note#0400



2 DESCRIPTION OF THE TRACKING METHOD

performancesbtainedwvith EST. Thesecondartof thedocuments devotedto amoredetaileddescription
of the main objectsand methodsmplementedn the codecompletedby a full descriptionof the classes
developedin the code.

2 Description of the tracking method

2.1 The main ingredientsof the method

As alreadymentionedhbove, thebasicideaof thismethodis to reconstructheparticletrajectoriesy doing
trackto hit associationsSincethe track reconstructions donein the TPCin afirst stage the parameters
of thetrack (assumedo be perfecthelices)reconstructedn the TPC areknown. Fromtheseparameters,
fro eachtrack a predictionis doneon the interceptof the track with the SSDlayer. If a hit in the SSD
satisfiessomegeometricatriteria, it is attachedo thetrack. Thetrack parametersrethenupdatedanda
new predictionis madefor the next outermostayerof thesilicon detector Thesestepsarerepeatedor the
otherlayersuntil thefirst SVT layer If in a givenlayer, no hit satisfiesthe associatiorcriteria, the track
parameterarenot updatedanda predictionis calculatedor thenext layer.

New featureshave beenaddedto the methodwhich areillustratedon the figure 1.Contraryto the original
versionof the code,in a given layer several hits can be attachedo the sametrack which resultsin the
formationof branchedor thetrack. Thesebranchesreextendedn parallelto thefirst SVT layeratwhich
pointachoicehasto bemadeto decidewhich branchto finally keep.Thisideais basedntwo obsenations

e quite oftenthe correcthit to be associatedo a trackis not the nearesto the track projection. This
is especiallytrue whenprojectingthetrack on the SSD.Allowing only onebranchto beformedper
trackwould stronglycompromisehe chanceso correctlyassociatethe hits to thosetracks.

¢ usually a wrong hit associationin a given layer strongly reducesthe chanceto prolongatethis
branchesn theinnermostayers.Thanksto thegoodpositionresolutionin the siliconwafers theup-
dateof thetrackparametersvith a hit associatedignificantlyimprovesthe quality of the projection
in the next layer Onceagainthis is especiallytruein the SSDlayer. This allows usto usestronger
geometricakriteriafor theinnermostlayersandleadsto predictionfor thewrongbranchin anarea
whereno hit satisfythesecriteria.

An othernew improvementwhich is useda combinemannerwith the track branchingis the possibility
to allow hit sharingfor tracks(the sharingof the hits by differentbrancheselongingto the sametrackis
implicitly implementedn thebranchingmethod).In asimilarfashionof theexcludingthetrackbranching,
without hit sharingbetweertracks,a incorrecthit to track associatiorwould ruin the chancedo associate
agivenhit to its correcttrack.

After andetailedanalysisof thequality of thetrackssharingoneor severalhits, onecanfoundoutthatmost
of thetime the chi squargof therefittedtrack) of thewrongtracksis higherthantheoneof thecorrectone.
As a consequencat a givenstageof thetrackingphasethe hit sharingis suppressedviore precisely the
hit sharedby severaltracksareidentifiedthenall the tracksusinga given hit aresortedby increasingchi
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Figure 1: lllustration of the track branchingandhit sharingimplementedn the new versionof the code.
Severalbranchesanbe formedfor eachtrack (2 branchedor the Track#1 and5 branchedor the Track
#2). Hits are sharedbetweenbranchegthe first hit from theleft of the secondSVT layer) and between
tracks(the secondSSDhit from theleft).

square Thetrackwith thelowestvalueis keptwhereagheothertracksaredeletedandtheir hits (including
thosewhich arenot sharedyeleasedor futureassociations.

Thehit totrackassociationn consecutrelayersis thebasicstepusedn thetrackingpartof EST. In orderto
maximizethetrackingperformanceshis stepis appliedsuccessiely to severaldefinedsamplesf tracks.
Thisiterative procedurds motivatedby the obviousideaof first searchinghetrackswhich aresupposedo
betheeasiesto find. The contribution of the multiple scatteringncreasingwith a decreasingnomentum
leadsusto startswith the trackswith the highestmomentum.The iterative searchis thusorganizedinto
passesEachpassés dedicatedo thetrackingof trackswith atransversemomentunwithin agivenrange.

Takinginto accounthe geometricalineficiency, the slightly differentrapidity coverageof the layers,the
mainvertex spreadalongthebeamaxisandtheradialdistribution of the secondaryertices,oneshouldex-
pectto look for trackswith variouspatternsandsizesfor the hit sggmentsin thevertex detector Although,
the tracking methodis requiredto be ableto reconstructll thesekind of tracks,is seemseasonabld¢o
iteratively searchfor a giventype at a time. As alreadystated,the associatiorof a hit in a given layer
stronglyconstrainghe possibleassociation#n the innerlayers. This ideais implementedn the codeby
the meanof superpassesn thefirst superpassnerequiresthatthe branchformedpossessa hit in all the



2.2 Curr entimplementdtioC ORRENEIRIIDE LIMIT ATIONS AND FUTURE IMPROVEMENTS

activelayers.Duringthelastsuperpasdposecutsareappliedandcanbefor exampledevotedto thesearch
of onehit segmentwithout a specificlocationrequiredfor this hit.

Thevariouspassesledicatedo the searcthof trackswith a giventrans\ersemomentumareintegratedinto
the superpasgterations. At the endof a given pass,a uniquebranchis selectedor eachtrack considered
during this passusing the branchchi squaresand hit patternand segmentsize requirementssetfor the
currentsuperpassMore precisly thoserequirementare not appliedonceall the branchesare completly
formedbut during the branchformationtime (ie. duringtheloopsover the layer). After the trackingin a
givenlayer, knowing the hits alreadyattachedandthe remaininglayersto scan,the branchesvhich have
no chancedo fulfill the superpassequirementsare supressed.This particularlocation of the sgment
selectionin thetrackingstepsis improving the cputime consumptiorbut moreimportantlymaximizethe
chancego form brancheswith thecorrectpattern.

Finally, thelastnew featurewhich hasbeenintroducedn the new versionof this methodis the possibility
to useinformation on the main vertex locationin orderto improve the accuray of the predictionswhen
projectingthe trackson the vertex detectorlayers. The mainvertex locationis usedasa guideto give an
improved predictionwhentrying to associatehe first hit to the tracks. In the currentimpementatiorthe
mainvertex informationcanbe usedonly for trackswhich alreadypoint towardit (usingainitial distance
of closestapproacho it) or for thefull sampleof tracks.Moreveronceafirst hit associatiotasbeendone,
it canberemovedwhenupdatingthe trackparametersr keptuntil the endof the branchformationphase.

2.2 Currentimplementation of the method

To bedone...

3 Performances

3.1 Track projection accuracyversusthe primary vertex
3.2 Efficiency vshit sharing

3.3 Efficiency vstrack branching

3.4 General performancesfor the full tracking steps

3.5 Detailled analysisof the performances

4 Curr ent codelimitations and futur e impr ovements
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5 Description of the main objectsand methods

5.1 StestMaker
5.1.1 mParams

The nPar ans objectscontainthe parametersvhich are setfor eachpassover pt. The key parameters
storedin theseobjectsare:

e onoff[i] : Determinedf thelayeri (O to 2 arethe SVT layersand3 is the SSD)is active or not.
By settingonof f [ 3] to 0 allow to switchfrom ayear3to ayear2 geometry

e nbranch[i] : Setsto the allowed numberof brancheswvhich canbe formedin a givenlayeri.
It correspondso the numberof new branchesllowedto be formedin a layer per motherbranch
constructedn the previouslayeror from the TPCtracksin the caseof the SSDlayer.

By settingall thenbr anch to 1, thebranchings forbittenin the pass.

e ntothbranch[i] : Setsthe maximumnumberof branchegertrack kept after the trackingin a
givenlayer. Thecombinatiorof thenbr anch parametersanleadto avaluebiggerthannt ot br anch.
The ChooseBestNBranchasethodlimits the numberof branchedo nt ot br anch by selecting
thosewith thelower chisquaresfterre-fitting.

e share[i] : Determineshe numberof timesthata hit canbe sharedby differenttracks. Thereis
no limit onthe numberof branchegrom the sametrackwhich cansharea givenhit.

e geontutl [ 4] andgeontut w 4] : Settheupperlimits on the distancealongthe z axisandin
thex-y planebetweerthe branchprojectionandthe candidatehits.

The optimizationof the trackingperformancegn termof efficiency andpurity is a balancebetweerthese
parametersValuesbiggerthanonefor the branchingandsharingparametersendsto supportthe correct
associatioralthoughthe correcthits arenot at thefirst rankin termof distancesTherankingof thecorrect
associatiorcan be checled usingthe root histogramsnamed-‘LocationX” whereX is a layerindex and
built duringthetrackingphase.

Ontheotherhand the parametersontrollingthe geometricatutsin eachlayertendto limit thenumberof
hit candidatesvhich canbeassociatetb a givenbranchin agivenlayer. Settingthosecutsto alargevalue
is notreasonablsincethe numberof wrongbranchewill stronglyincreaseandaffecttheefficiency of the
branchselectionperformedateron. They haveto be setby knowing theaccurag of the projectiononecan
expectin a givenlayerandtakinginto accounthe hits alreadyattachedrom the previouslayers. Several
root histogramsarefilled named“disthitipX”,"disthitipX|” and “disthitipXw” repectvely filled with the
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hit-projection3d distancesdistancesalong the z axis and distancesn the trans\erseplaneassuminga
perfecttracking.

The histogramamentionnedabove arecurrentlyfilled for the trackshaving 4 hit sgmentandin ayear3
geometry They canbe easilyadaptedor varioustype of sggments.

Pass| ptmax | ptmin
0 100. 1.0
1 1.0 0.7
2 0.7 0.4
3 0.4 0.2
4 0.2 0.1

Tablel: Upperandlower limits in transversemomemtunfor the passes

Pass| cutl[3] | cutl[2] | cutl[1] | cutl[0]
1.0 0.5 0.2 0.2
1.0 0.5 0.2 0.2
1.5 0.5 0.2 0.2
3.0 0.5 0.2 0.2
5.0 0.5 0.2 0.2

AIWINFL O

Table2: Geometricakutsalongthe beamaxisfor five passesindthefour layers.

Layer | onoff | share| nbranch| ntotbranch
0 1 5 1 6
1 1 5 1 6
2 1 5 2 6
3 1 5 3 6

Table3: Trackbranchingandhit sharingparametersor a givenpassandthefour layers

Currently5 passearedefinedwith thept m n andpt max values(in GeV/c)summarisedh thetable5.1.1.
As anexample thetables2 and3 containsthe parametewaluescurrentlyusedin a superpassvhich looks
for 4 hit sgments.Thegeometricakutsin thetrans\erseplaneareequalto thosein alongthe z axis. One
canobsene thatthe cutsin the SSD areincreasingwith the passnumberin orderto compensatéor the
decreasin@gccurag of the TPC track projection. Morever the cut valuesdecreasavhengoing from the
SSDto theinnermostSVT layerwhichreliesontheexpectedmprovemeniof thetrackprojectionaccurag
whenattachingmorehits to thetracks.Basedon the sameexpectatiornthe branchingn the SSDis setto 3
while ontheinnermostayersonly 1 branchis allowed.



5 DESCRIPTION OF THE MAIN OBJECTS AND METHODS 5.1 StestMaker

5.1.2 mSegments

ThenBegnent s parametersillow to setandcontrolthe requirementsor eachsuperpass.Two typesof
parameterarestoredin theseobjectswhich arerespectiely relatedto the caracteristicef the TPCtracks
thatonetriesto prolongateandto the hit patternof the sgmentswvhich areformedduringthesupefpasses.

Someof the TPC tracksare excludedfor the tracking using the parametersri nTPChi t s which seta
lower limit onthenumberof hitsin the TPC attachedo thetrackandthe parameters ni nTPC which set
aupperlimit onthedistancen thetrans\erseplanebetweerthe STAR geometricabenterandthefirst TPC
hit. Theseparametersllow to temporarilyflag the short TPC tracksandthe TPC tracksreconstructedn
the outerpartof the TPC for which arelatively poor predictionof the track projectionis expected.These
parameterareusedin theFl agTPCTr acks SP method(see5.1.8).

Thehit patterncriteriafor the sggmentsformedduringagivensuperpassaredeterminedy theni nhi t s
parametewhich setsa lower limit onthe numberof SVT/SSDhits andthe /verb+slay[i]+parametersin
agivenlayeri theassociatiorof ahit toatrackcanbeforbiddens| ay[ i ] =0, alloweds! ay[i ] =1 orre-
quiredsl| ay[ i ] =2. Thetable4 shavsthreeexamplesof settingsor thesgparametersTheChooseSegnent
methodusestheseparameterso selectbranchegormedduringthetrackingphase.

A|lB|C
slayf0] | 2 | 1] 1
slay[1] | 2 | 1| 1
slay[2] | 2 | 1] 1
slay[3] | 2|1 2| 1
minhits | 4 | 3 | 1

Table4: Examplesof segmentcriteria: In the caseA four hits arerequiredwith obviously a hit in every
layer;in the caseB a minimun numberof threehits arerequieredwith a mandatoryhit in the SSD;in the
caseC atleastonehit is requiredwithout any specificlayerorigin.

Thelastparametechi sqcut of thenSegnent objectcanbe setto imposea higherlimit on the chisq
valueof thefitted branches.This parameters not usedat this momentbut canbe easilyimplementedn
theChooseBest NBr anches andChooseBest Br anch for instance.

5.1.3 Preprojection

Theaim of this methodis to quickly determingfor eachbranchformedby thetracker which wafersshould
be consideredscontainingpossiblehit candidateso beassociatedo the branch.

The closestinterceptof the helix track with a cylinder of radiusequalto the currentlayer radiusis de-
termined. The (phi ,z) positionof the interceptis then comparedwith the wafer mapm ndexGeom.
The Wafersin the correspondingphi ,z) cell are storedin the nPr ePr oj Tabl e. This list of wafer
to be scanneds then completedby consideringthe neighborsof the wafersalreadyin the list. The
nPr epr oj Nunber datamembercontainghefinal numberof wafersin thelist.

The variablemPreprojectioris locally usedto avoid doublecountingthe wafers. The size of the output
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tablenPr ePr oj Tabl e is limited to MAXFIND WAF usuallysetto 70.

5.1.4 Projection

This methodis calledimmediatelyafterthe Pr epr oj ect i on methodandthusappliedto eachbranch.
For eachwaferstoredin nPr ePr oj Tabl e, theinterceptof thetrackhelix with thewaferplaneis calcu-
lated. Every hit containedn the currentwaferis scannedndis addedo alist if :

o thehitis available(Get Fl ag() >0),

¢ thedistancesn z andin the bendingplanebetweerthe hit andthetrack projectionaresmallerthan
nPar ans[ nPass] - >geontut | [ sl ay] andnPar ans[ nPass] - >geoncut W sl ay] ,

e thenumberof hits alreadyconsidereds smallerthanMAXHI TPRQJ
Thelist mPr oj Qut containingtheacceptedhits (possiblyfrom differentwafers)is sortedby increasing3D

distancebetweerthe hit andthe track projection. The maximumnumberof hits in this list MAXHI TPROJ
is usuallysetto 400.

5.1.5 Init
5.1.6 SVTinit
5.1.7 TPClInit

Thismethods calledby thel ni t methodoinitialize theobjectselatedtotheTPCtracks.TheSt _est TPCTr ack
objectsandthe mMrPCTr ack tablepointingto theseobjectsarebuilt. The TPCtrackswith a negative flag

arenot loaded. The mTptindex translationtablefrom the trackid to its row in the mMTPCTr ack tableis
constructed.

For eachtrackdeclaredn mrPCTr ack its hit tablenR is built. After the hit tablehasbeenbuilt, the hits
aresortedaccordingto increasingordet

5.1.8 FlagTPCTracksSP

Thismethods calledatthebeginningof eachsuperpasso flagsomeof theTPCtracks(of typeSt _est TPCTr ack)
whichwill notbe consideredor trackingin thatsuperpass.Currentlytwo typesof tracksarerejectedby
usingthis specialflag:

e TPCtrackswith anumberof hitssmallerthanm nTPChi t s (from nSegnent s) haveant| agSP
setsto -1,

e TPCtrackswith adistancgin thex-y plane)from thedetectorcenterto theinnermoshit biggerthan
r m nTPC haveantl agSP setsto -2.
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5.1.9 ChooseSegment

This methodis calledat eachtrackingstepto preventfrom building branchesvhich at the endof theloop
onthelayerswill notsatisfythe patterncriteriarequiredfor the currentsuperpass.Thesecriteriaaresets
in thenSegnent s objectandcombinethem nhi t s andthe sl ay[ nl ay] conditions. Branchesare
deletedf :

e thenumberof alreadyattachedhits plusthe numberof layerswhich remainto be scanneds smaller
thanmi nhits.

e theconditions| ay[ i ] =2requieringahit in thelayeri alreadyscanneds notfulfilled.

5.1.10 ChooseBestNBranches

Thismethodis calledateachtrackingstepto preventfrom building atoolargenumberof branchegor each
track. For eachtrackin agivenlayer, its branchesresortedby increasingchisq. In orderto emphasisen
the SVT/SSDhit contrikution to the chisq,the chisqof the track obtainedonly with the TPC hits is first
subtractedo thetotal chisq.

OncesortedthenPar ans[ mPass] - >nt ot br anch[ sl ay] branchesvith thebestchisgareselected.
Theremainingbranchesredeleted.

5.1.11 ChooseBestBranch

This methodis calledfor eachpassat the endof the trackingin all the layersin orderto selectfor each
tracka uniquebranch.For thetime being,the branchwith the smallerchisqis selectedNo upperlimit on
thechisqvalueis applied.

5.1.12 RemoveHitSharing

Dependingon the value of shar e[ nl ay] in the mPar ans structure,hit sharingcanbe allowed. Hit

sharingis quite usefullin orderto presere the chancedor a hit which is alreadyconnectedo a wrong
branchto bein paralleleattachedo the correctone. By studyingthe chisqof the branchedormedaftera
givenpasswhich sharesomehits with someotherbranchespnecanfind thatfrequentlythecorrectbranch
hasthe smallestchisq. In addition,in somecasesits aresharedy two wrongbranchesThis methodhas
beendevelopedin orderto supresghe numberof badbranchesithout affectingtoo muchthe numberof

correctbranchesThemethodis calledattheendof eachpassanddo thefollowing operations

e Loopin thethehit objectlist andlook for hit sharednNShar e),

e For eachsharedhit, selectthe branchwith the smallestchisgamongall the branchessharingthe
currenthit,

¢ For all branchesvith biggerchisg,detacheall the hits (includingthe onewhich arenot shared).
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5.1.13 Eval

The tracking evaluationcanbe performedat a first level analysiscorrespondindo the usualcountingof
possible/good/battacks.

Threetrack statusarerequiredto calculatethe efficiency andpurity of thetrackingprocedure.
the number of ideal tracks : all ideal(possible)TPCtrackswith atleasthit in the SVT/SSD.
the number of goodtracks : all trackswhich have beenreconstructedvith correcthits.

the number of bad tracks : all reconstructedrackswith atleastonewronghit.

Oneshouldnotethatin this evaluationfunction, the definition of the idealtracksis somehav moresevere
thantheabove definition. Trackswhicharenotconsideredtrackablepy thetrackingmethodareexcluded.
As anexample,a trackingpassrequieringa hit in every layerswill leadto excludetrackswith lessthat4
hits from theidealtracklist.

Theefficiency andpurity aredefinedasfollow :

good Purity = good

Efficiency = possible good+ bad

A detailedanalysisof the trackingevaluationcanbe alsomadein orderto take into accountthe factthat
a given TPC track canbe splittedinto several sggments. Theideais to countthe numberof TPC tracks
accordingtheirnti d insteadof theiri d. In otherwords,andin the view of future physicsanalyseseach
producedparticleshouldbe countedonceindependentlyrom thefactthatthe TPCtrackingcanreconstruct
atrackin oneor severalsggments.Consequentlya TPC track formedwith, for example2 segmentswill
be countedonceasa possibletrack. With the formerevaluation,2 differenti d would have beenassigned
to the sgmentsandthus2 possibletrackswould have beencounted.

In summaryif severalsggmentsbelongingto oneTPCtrackarecorrectlyassociatedynly oneassociation
will becountedtheotheroneswill beconsideredsghosts.

Theefficiengy andthe purity aredefinedas:

correct Urity — found
input Y= found

Efficiengy =

The following exampleillustratesthe two evaluationmethodsappliedto a TPC track splitted into two
sgments.The efficiency andpurity areexpressedn pourcentage.

10
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Detailledanalysis FirstLevel analysis
Association | Input | Found | Correct| Effi. | Purity | Possible| Good | Bad | Effi. | Purity
2 bad 1 2 0 0 0 2 0 2 0 0
lbadlgood| 1 2 1 100 | 50 2 1 1 50 50
2 good 1 2 1 100 | 50 2 2 0 | 100 | 100
1 good 1 1 1 100 | 100 2 1 0 50 100
1bad 1 1 0 0 0 2 0 1 0 0

Severalclasse®f tracksaredistinguishedn the eval methodandoutputonthescreen

Amongall idealtracks:

o |dealnotfoundbut unique: idealtracknotreconstructedits mcidis unique,andnot sharedoy another
TPCsament.

e Idealnotfoundbut copy in good: idealtracknotreconstructethut with acopy (i.e. anothefTPCseggment
with the samemcid) which hasbeencorrectlyreconstructed.

¢ Ideal not found but copy in bad: ideal track not reconstructedbut with a copy which hasbeenbadly
reconstructed.

e Idealnotfoundbut copy in ideal: idealtracknotreconstructedndwith acopy whichis notreconstructed
eithet

— Realidealtracks: all theidealtracksminusall the possiblecopies.

Amongall goodtracks:

e Goodfound twice in good: a track correctly reconstructedut with a copy which is also correctly
reconstructedOneof the 2 correctsegmentss consideredsa badtrack.

—> Realgoodtracks: all theinitial numberof goodtracksminusthe goodtracksfoundtwice.

Amongall badtracks:

e Badin ideal: trackbadlyreconstructedvhichis in theidealtracklist.

e Badnotin ideal: track badly reconstructedndwhich wasnot in theideal setof tracks. They arefor
examplethe TPCtrackswhich shouldnot have ary SVT/SSDhit attached.

e Badfoundtwicein bad: trackbadlyreconstructedvhich hasalreadya copy in thebadtracklist.

—> Realbadtracks: all theinitial numberof badtrackssinceit is usedonly in the purity estimate.

11



6 CLASS REFERENCE

6 ClassReference

6.1 StestMaker

Summary

Synopsis #i ncl ude "St_est Maker. hh"
class St _est Maker;

Description

Persistence None

RelatedClasses

ProtectedData St _Dat aSet* nEvent;
Member DataSetontainingthe EST output???
St_DataSetlter* nEventlter;
Iteratoronthe EventDataSet.
St _est_Wafer* nPreproj Tabl e[ MAXFI NDWAF] ;
List of wafersbuild by thePr epr oj ect i on methodto bescannedby thePr oj ecti on
method.
St _est _Parans** nPar ans;
Tablecontainingthe trackingparametersor the passegover pt).
St _est _Segment s** nfSegnent s;
Tablecontainingthetrackingparameteror the superpassg®nthetrack pattern).
St _est I ndexGeont m ndexGeom
Coarseadescriptionof the SVT/SSDgeometry
St _est _Wafer** m ndexWaf ;
List of waferobjects.
St est Ht** nBvtHit;
List of SVT/SSDhits.
St _est Ht* n\ertex;
Main vertex.
St _est TPCTrack** nmTPCTr ack;
List of TPCtracks(trackswith f | ag<0 arenotloaded).
St _est _Track** nirack;
List of globaltracks.
svg_shape_st* nBvgShape;
Tablecontainingthe SVT/SSDwafershapes.
St _est_Proj Qut nProj Qut;
List of candidatehits to be consideredy thetracking.
| ong* Eval _id_nttrk2est Track;
To beexplained.
St _est Hit*** Eval _nthits;
List of SVT/SSDhits for eachtracks.

12
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Public
Constructors

ProtectedFunctions

| ong mAaf | d2I ndexWaf [ 9000] ;

Waferid (1101,1102,..3o Waferindex (0,1,..)translatiortable.
| ong* nilpt | ndex;

Translationtablebetweerthe TPCtrackid andits row numbetin themiTPCTr ack
table.

| ong nNTPCTr ack;

Numberof TPCtracks(TPCtrackswith negative flag areexcluded).
| ong mNTr ack;

Numberof globaltracks.

long MNSvtHit;

Numberof SVT/SSDhits.

i nt nPass;

Currentpassnumber

i nt m\Pass;

Numberof passes.

i nt nSuper Pass;

Currentsuperpassumber

i nt nN\Super Pass;

Numberof superpasses.

i nt nStart Layer;

Index of the outermostayerusedin thetracking.

i nt nEndLayer ;

Index of theinnermostayerusedin thetracking.

i nt nPr epr oj Nurrber ;

Numberof wafersto be scannedy thePr oj ect i on method.
i nt m deal Tr acki ng;

Flagfor the perfecttracking.

| ong nFi ndabl e;

Numberof findabletracks.

| ong nFoundOXK;

Numberof goodtracksfound by thetracker.

| ong nFoundFake;

Numberof ghosttracksgeneratedby thetracler.

St _est _Maker (const char* nane = "est");

int Preprojection(St_est Branch& int);

Build alist of wafersto be scannedor abranchin a givenlayer.

int Projection(St_est Branch* branch, |ong slay);
Returnsalist of hits which satisfysomedistancecriteriato the branchprojection.
int Tracking(int);

Main trackingmethod.

int RefitBranch(St_est Branch *br, St _est Hit* hit=NULL,

clhit=-1, int usevertex=0);
Methodusedto refit the branchbr with theadditionalhit hi t possiblyexcluding

13
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somehits andusingthe mainvertex.

int SVTInit(St DataSetlter* dataiter);

Initialisesandfills the St est Waferobjects.

Initialisesandfills the St estHit objects.

int TPCInit(St_DataSetlter* dataiter);

Initialisesandfills the St est TPCTrackobjects.

voi d ChooseBest NBranches(St _est_Track *tr, int slay);
Choosea givennumberof branchesftertrackingin thelayersl ay for thetrack
tr.

6.2 StestParams

Summary

Public Data
Member

14

Structurecontainingthe parametergor the passes.

i nt debug;

Dehugginglevel (0 = only critical errorsarementioned).

int onoff[4];

Trackingstatusfor a givensuperlayer (1 = trackingis allowedfor the considered
layer;0 = notrackingis performedwithin this layer).

doubl e ptm n;

Lowestpt valuefor a pass.

doubl e pt nmax;

Maximum pt valuefor apass.

i nt nbranch[4];

Number of daughterbranchesallowed to be formed in a layer per the mother
branch.

i nt ntotbranch[4];

Maximum numberof brancheger track kept after the trackingin a given layer.

i nt maxbranches;

Maximum numberof brancheghat canbe attachedo a track. This is usedtem-

porarilyto initialize thebranchlist of eachTrackto alargevalue.Oncetheparame-
tersnbr anch andnt ot br anch will bedefinedconsistentlythenmaxbr anches
will becomeobsolete.

int share[4];

Numberof timesthata hit canbe sharedoy differenttracks.

i nt maxtpchits;

Maximum numberof hits per TPC track. It is usedfor the initialization of the

St TPCTrackobjectandcorrespondso themaximumnumberof TPChitstakento

this object.

int maxsvthits;

Maximumnumberof SVT hitsin thebrancheslt is usedalsoto initialize the size
of thehit list of eachbranch.

double Irad[4][2];

Radii of the silicon detectodayers.2 valuesaresetfor the SVT layers(the sublay-
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ers)andonefor the SSD.

i nt nnei ghbours[ 4] ;

Numberof rings of waferswhich are neighborsof the wafer containingthe track
projectionandwhosespacepointswill becandidatdor thetrackto hit association.
doubl e phi bi n;doubl e zbi n;

Sizeof thebinsin phi andalongthe z direction.

i nt nphi bin;int nzbin;

Numberof binsin phior z.

Thesdast4 parameterareusedfor searchinghennei ghbour gs wafers.Since
this stepis performedduringthe preprojectiorphasethey shouldbe normally de-
finedonce,andnotlikeit is donenow, for eachpt pass.

doubl e geontutl[4];

Geometricakutfor length(alongz axisbeam)usedto definehit searchingareas.
doubl e geontutw 4] ;

Geometricatut for width (in the x-y plane)usedto definehit searchingareas.

6.3 StestSegment

Summary

Public Data
Member

Structurecontainingthe parametergor the superpasses.

int slay[nlay];

Hit requirementslefinedfor eachsuperlayer (2 = required;1 = allowed; 0 = for-
bidden).i nt mi nhits;

Minimum numberof hitsin asegment.

int mnTPChits;

Minimum numberof hitsthata TPCtrack hasto containfor beingconsidered.
doubl e rm nTPC;

Minimal radiusat which the first hit (the nearesfrom the geometricalcenter)of
theTPCtrackhasto belocated.

doubl e chisqut;

Maximumallowed chisqvalueafterthe branchrefitting (not usedarnymore).

6.4 StestProjOut

Summary

Public Data
Member

Structurecontainingthe outputof the ProjectionMethodfor agivenbranch.

int nhit;

Numberof hitsin hit array

St _est_Hit* hit[ MAXH TPRQJ] ;

List of pointerto hits foundin the projection.

doubl e di st [ MAXHI TPRQJ] ;

3D distancebetweerthe hit andthetrackprojection.
doubl e di stw MAXH TPRQJ] ;

15
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Distancein thetrans\erseplanebetweerthe hit andthetrackprojection.
doubl e di stl[ MAXH TPRQJ] ;
Distancealongthe z axisbetweerthe hit andthetrack projection.

6.5 StestGtrk

Summary Structurecontainingtheinputsfor the egr fitting routines.
Public Data | ong nhit;
Member Numberof hitsin thetrack (SVT,SSD,TPCandmainvertex).

I ong ipnt[220];

Pointersto the hits belongingto thetrack.

| ong pos[ 220];;

Positionsof the hits onthetracks.

| ong det[220];;

Detectorindex of thehits (SVT/SSD, TPC,maiwertex).
float p[9];

Track parametersutputfrom thefitting routines.
long nfit;

Numberof hitsincludedin thefit.

I ong flag;

Statusflag of thefit.

| ong ntpc;

Numberof hits belongingto the TPC.

| ong nmax;

Maximumnumberof hits consideredn thefit.

6.6 StestWafer

Summary Classdescribingthe SVT andSSDwafers.

Synopsis #i ncl ude " St _est_Maker. hh"
class St _est Maker;

Description

Persistence None

RelatedClasses

16
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ProtectedData
Member

Public Data
Member

Public
Constructors

Public Member
Functions

i nt nBhape;

Geometricabhapeof thewafer(takenfrom svg_geom i d_shape).
int nmLayer;

Layerthewaferbelongto.

long int m\Hits;

Numberof hitsin thewafer.

long int mvaxHits;

Maximumnumberof hits in thewafer (usually200).

St est Ht **nHits;

List of hits within thewafer.

St Thr eeVect or <doubl e>* x;

Positionof the centerof thewaferwithin the STAR globalreferencdrame.
St Thr eeVect or <doubl e>* n;

Unitary vectornormalto thewaferplane.

char nPreprojection;

Flagfor the preprojectiormethod.

long int md;

Id of thewafer (accordingio thesvg_geomtable. Shouldbe protectedmember
St _est _Wafer* nei ghbour][8];

Tableof neighbouringvafers.

St _est_Wafer(long int nr, long int nmh, StThreeVector<doubl e>* xx,
St Thr eeVect or <doubl e>* nn, int shape);

St Thr eeVect or <doubl e>* St _est _Wafer:: Get X();
Returnsthe positionof the centerof the wafer.

St Thr eeVect or <doubl e>* St _est _Wafer:: Get N();
Returngthe orientationvectorof thewafer

St est Hit* GetHit(long nr);

Returnsa pointerto thenr hit of thewafer.

int AddHit(St_est_Hit *hit);

Addsa hit to thewaferhit list.

i nt GetLayer();

Returnghewaferlayernumber

i nt Get Shape();

Returnghewafershapenumber

long GetNHits();

Returnsthe numberof hitsin thewafer.

long int Getld();

Returngheid of thewafer

17
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6.7 StestindexGeom

Summary

Synopsis

Description

RelatedClasses

ProtectedData
Member

Public Data

Member
Public

Constructors

Public Member
Functions

6.8 StestHit

Summary

Synopsis

18

Classfor the preprojectiormethod.

#i ncl ude " St _est_Maker. hh"
class St _est Maker;

This classcontainsa simple SVT/SSDgeometrydescriptionwhich allows a fast
accesgo thewaferobjectlocatedin agivenz-phiarea.

i nt*** nWaf ;

Tablecontainingthe numberof wafersperz bin andphi bin for eachlayer.
St _est _Wafer***** pWaf;

Tablepointingto thewafersin eachbin in z andphi andin eachlayer.

i nt nphi bi ns;

Numberof binsin phito mapthe SVT/SSDgeometry

i nt nzbi ns;

Numberof binin z to mapthe SVT/SSDgeometry

St _est_IndexGeom : St _est_I ndexGeon(int np, int nz)

int setWaf Tab(int phi, int z, int slay, St_est Wafer* waf)
Storeshewaferwaf in thetables.
int getNVaf (int phi, int z, int slay)

Returnghe numberof wafersin a given(z,phi) cell andalayer.
St_est_Wafer** getWaf Tab(int phi, int z, int slay)
Returnsa pointerlist of thewaferscontainedn agiven(z,phi) cell andalayer.

Classdescribingthe SVT andSSDhits.

#i ncl ude " St _est_Branch. hh"
class St_est \Wafer;
class St_est_Branch;
class St_est Maker;
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Description
RelatedClasses

ProtectedData St _est _Wafer* nDet ect or;
Member Id of thewafercontainingthe hit.
St _est _Branch** nBranch;
List of brancheshehit is attachedo.
St Thr eeVect or <doubl e>* nXL;
Local coordinate®f the hit in thewaferfref. frame.
St Thr eeVect or <doubl e>* nmXG
Globalcoordinate®f thehit.
doubl e nDE;
Enegy lossmeasuremerdssociatedvith the hit.
| ong mN\Shar e;
Numberof timesthe hit is sharedby varioustracks.
| ong nvaxShar e;
Maximumnumberof sharingallowedfor differenttracks(equalto
nPar ans[ 0] - >share[ | ay] ).
| ong mMN\Br anch;
Numberof timesthe hit is sharedby variousbranchegpossibly from different
tracks).
| ong nivaxBr anches;
Maximumnumberof sharingallowedfor differentbranches.
i nt nDebugLevel ;
Variableusedto control the flow of detugginginfo in the methods. Most of the
informationis printedout if the variableis biggerthanzero.
| ong md;
Id of thehit (takenfromscs_spt table).
i nt nFl ag;
Hit statusflag: O = hit available,1 = hit alreadyused.-1 = problems.
| ong nEval Track;
Numberof idealtracks???

Public St _est Hit(long id, StThreeVector<double> *xg, StThree-
Constructors Vect or <doubl e> *x|, double dE, |ong maxsh, St _est Wafer *det);
Public Member Get NBranch() ;

Functions Returnsthe numberof brancheaisingthe hit.

i nt Joi nBranch(St_est_Branch *br);

Thehit is attachedo the branchbr (returnsl if success)
voi d LeaveBranch(St_est _Branch *br);
Thehit is removedfrom thebranchbr

voi d Set DebuglLevel (i nt deb);
Setthedehugginglevel.

19
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int CheckAvailability();

Returnsl (0) if thehit can(not) beshared.

St Thr eeVect or <doubl e>* Get d obX();
Returnsthe hit globalcoordinates.

St Thr eeVect or <doubl e>* Get LocX() ;
Returngthehit local coordinates.

St _est _Wafer* GetWafer();
Returnsa pointerto the wafercontainingthe hit.
St _est_Branch* GetBranch(int i);
Returnsa pointerto thebranchi usingthe hit.
int GetFlag();

Returnshehit statusflag.

void SetFlag(int fl);

Setsthe hit statusflag.

long Getld();

Returnghehit id.

void Setld(long i);

Setsthehit id.

6.9 StestTrack

Summary Classdescribingtheglobaltracks.

Synopsis #i ncl ude " St _est_Branch. hh"
class St_est_ Branch;
class St_est Hit;
class St_est TPCTrack;
class St_est _Maker;

Description This is the main objectdescribingthe tracksformedduring the globaltracking. It
containsa pointerto the TPC track anda list of pointersto the brancheformed
with the SVT/SSDhits.

ProtectedData St _est TPCTrack *mrPCTrack;

Member Pointerto theassociatedPCtrack.

St _est _Branch **mBr anch;

List of branchesattachedo thetrack. A trackhasalwaysat leastonebranch(pos-
sibly empty)to allow branchduplication.

| ong nNBranch;

Numberof branchedor thistrack.

| ong nmvaxBr anch;

Maximumnumberof branchegtakenfrom nPar ans[ 0] - >maxbr anches).

20
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Public
Constructors

Public Member
Functions

int nFlag;
Flagdescribingthetrackstatus. 0 = trackis available,1 = trackis alreadyused,
-1 = problemwith thetrack ??

St _est _Track(long int maxbranch, St _est TPCTrack *tr)

i nt AddBranch(St _est Branch *branch);

Addsthe new branchbr anch to thetrack.

int SetBranch(long i, St_est Branch *branch);

Setsbr anch to theit”* locationin the branchlist.Usefulnes®?

i nt RenoveBranch(long int nbr);

Remawethebranchnbr to thelist. Thehits attachedo thebrancharereleased.
inline long int GetNBranches();

Returnghe numberof branches.

St _est_Branch* Get Branch(long int nbr);

Returnsa pointerto thebranchnbr .

i nt CheckAvailability();

Returnsl (0) if the currentnumberof branchess lower (or not) thanthe number
of branchesllowed.

void SetFlag(int flag);

Setsthetrackstatusflag.

int GetFlag()

Returnshetrackstatusflag.

6.10 StestTPCTrack

Summary

Synopsis

Description

ProtectedData
Member

Classdescribingthe TPCtracks.

#i ncl ude " St ThreeVect or. hh"
#i ncl ude " St Hel i x. hh"
class St_est Maker;

This classdescribeshe TPCtracks.

St Thr eeVect or <doubl e>** nR;

List of TPChit positionsbelongingto this track.
St Thr eeVect or <doubl e>** nmdR;

List of TPChit positionerrors.

St Hel i x* mHel i x;

Helix objectusedto storethetrack parameters.
long int *nHitld,;

List of tpchit id attachedo thetrack.

21
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Public
Constructors

ProtectedMember
Functions

Public Member
Functions

22

long int md;

Id of the TPCtrack (equalto therow numberfrom thetpc tracktable).
long int mvld;

Id of the Monte Carlo track associatedo the reconstructedpc track (taken from
tpc eval table).

long int mN\Hits;

Numberof tpc hits attachedo thetrack.

long int mvaxHits;

Maximumnumberof tpc hitsattachedo thetrack. Setso nPar ans[ 0] - >maxt pchits.
long int *nHitlndex;

List of tpc hit indexes???

i nt nFl ag;

Statudflag of the TPCtrackequalthetheflag variablein thetpc tracktable.
i nt nFl agSP;

TPCFlagset/usedn superpassegllow to considertpc tracksdependingon their
numberof hits and/ortheirinnermosthit radius.

SeetheSt _est Maker : : FI agTPCTr acks SP method.

int* row,

List of tpc hit row numbergequalto r ow from thetphit table).

doubl e nPt;

Transersemomentunof thetpc tracks.

nChi Sq;

Total chisqof thetpctrack.

doubl e ntChi SqCir;

Chisqin the bendingplaneof thetpc track.

doubl e nthi SqLi n;

Linearchisqof thetpctrack.

int M\FitH ts;

??7?

doubl e nr;

Radiusin the bendingplaneof theinnermostpc hit.

St _est_TPCTrack(long int id, long int nmaxhits,
StHelix *hel, double pt)

void Sort(long left, long right)
??7?

void Swap(long i, long j)

??7?

voi d Set R(double rr)

Setsthelowestradiusof thetpc hit. Necessargfterthe hit sorting.
doubl e GetR()

Returnsthelower radiusof thetpc hit. Set Fl agSP(int fl)
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Setsthesuperpasflagtof| .

Get Fl agSP()

Returnghe TPCtracksuperpasflag.

int AddHit(long int id, StThreeVector <double> *x, StThree-
Vect or <doubl e> *dx, int nrow)
Addsa hit to thetpc hit list.

long int GetNHi ts()

Returngthe numberof hits.

St Hel i x* Get Heli x()

Returngthe helix object.

void SetFlag(int fl)

Setsthe TPCstatusflag.

int GetFlag()

Returnsthe TPCstatudlag.

void SortHits()

Sortsthetpc hitsaccordingo ...

long int GetMld()
Returnsthetpctracksmcid.

6.11 StestBranch

Summary This classdescribeshe branche®f hits formedduringthetracking.

Synopsis #i ncl ude " St Helix. hh"
#i ncl ude "St_est_ Track. hh"
#include "St_est_hit. hh"
#i ncl ude "St_est_Wafer. hh"

class St_est_Track;
class St_est _Hit;
class St_est _Maker;

Description
ProtectedData St _est _Track* nmilrack;
Member Globaltrackthatpossessethe branch.

St _est Hit** nHits;

List of SVT/SSDhits which form thebranch.

St Hel i x* nHel i x;

Helix objectusedto storethe branchparameters.

long int mN\Hits;

Numberof hits which form thebranch.

long int mvaxHits;

Maximumnumberof hitsallowedin abranch(givenby nPar ans[ 0] - >maxsvt hi t s).
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Public
Constructors

ProtectedMember
Functions

24

doubl e nthi sq;

Total chisqof thebranch.

doubl e ntChisqCir;

Circularchisq(in the bendingplane)of the branch.

doubl e nthi sqLi n;

Linearchisqof thebranch.

doubl e *nDi st;

List of distancedbetweerthe branchprojectionandthehits.
i nt mLast Lay;

Layernumberof thelatesthit attachedo the branch.

i nt nDebugLevel ;

Dehug level usedto controlthe printedinformationflow.

i nt nttep;
Variablerecordingthestepwhenthebranchwasformed(equalto 10*Superpass+pass).

St _est Branch(St_est Track* tr=NULL, long int nmaxhits=1,
long int nh=0, St _est Hit** hit=NULL, double *dist=NULL);

int AddHit(St_est_Hit *hit, double dist);

Addsthehit hi t with its distancedi st to thebranch.

int RenoveHit(long int nr);

Remawesthehit numbemr from thebranch.

int RemoveHit(St_est_Hit* hit);

Removesthehit hi t from thebranch.

long int GetNHi ts();

Returnghe numberof hits.

St est Hit* GetHit(long int nr);

Returnsa pointerthe hit numbemr .

i nt CheckAvailability();

Returnsl (0) if morehits can(not) beattachedo thebranch.

St _est _Branch* Duplicate();

Duplicatesthe branch.Callsthe constructoito copy the branch.The hits from the
copiedbrancharealsoin the duplicatecbranch.

int JoinTrack(St_est_Track *tr);

Attachesthebranchto thetrackt r . If noadditionalbranchcanbe attachedo the
track,the consideredranchis insertedn the sorted(on chisq)list of branchesAs
aconsequencehe branchwith theworstchisqis lost.

voi d LeaveTrack();

Remaoresthe branchfrom its track. Callsthe methodRenoveBr anch from the
St _est _Track object.

St _est_Track* GetTrack();

Returnsa pointerto the branchparenttrack.

void SetHelix(StHelix *hel);

Setsthehelix hel to bethebranchhelix.

St Hel i x* GetHelix();
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Returngthe branchhelix.

voi d Set Chi Sq(doubl e chi);
Setsthetotal chisqto chi .

voi d Set Chi SqCi r (doubl e chi);
Setsthecircularchisqto chi .

voi d Set Chi SqLi n(doubl e chi);
Setsthelinearchisqto chi .

doubl e Get Chi Sq() ;

Returngthetotal chisqg.

double GetChiGir();
Returnsthecircularchisq.

doubl e Get Chi Lin();
Returngthelinearchisq.

GetDi st(long nr);

Returngthe hit-projectiondistanceof the hit numbemr .
double GetDist(St_est Ht* hit);
Returnsthe hit-projectiondistanceof thehit hi t .
i nt GetlLastLayer();

Returnsthe layernumberof thelatesthit attachedo the branch.
voi d Set DebuglLevel (i nt deb);
Setsthedehugginglevel.

void SetStep(int step);

Setsthe stepstatus.

int GetStep();

Returngthe stepstatus.
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